Introduction
Dye-sensitized solar cells (DSSCs) have attracted increasing attention as low-cost alternatives to conventional semiconductor photovoltaic devices. 1, 2 It is also important to note that the production of DSSCs' key materials is an environmentally friendly and energy saving process in contrast to the traditional silicon technology. DSSCs are composed of a wide band gap nano-crystalline semiconductor oxide like TiO 2 deposited on a transparent conductive oxide (TCO)-coated glass substrate and sensitized with a dye absorbing visible light. On the basis of material design and device engineering, remarkable efficiencies of 12% and 13% have been achieved from DSSCs sensitized with ruthenium 3 and zinc porphyrin dyes, 4 respectively. On the other hand, the tunable structure, high molar extinction coefficient, low production cost, easier synthetic procedure, purification, and low toxicity of all organic dyes make them more suitable candidates for DSSC applications. Thus, a great number triarylamine, 8, 9 iminocoumarin, 10 carbazole, 11, 12 perylene, 13 and many other derivatives in order to enhance light harvesting on the metal oxide surface by adding various side chains, arranging the length of the π -bridge groups, or using acceptor and donor groups with different electron affinities.
Furthermore, these dyestuffs need to be controllably grafted onto the inorganic mesoporous semiconductor oxide film with favorable stacking modes and optimum energy alignments and have a significant effect on chargetransfer kinetics to obtain remarkably high cell efficiencies. 3 Donor-π -bridge-acceptor (D-π -A) block structure is the most common configuration in order to obtain high charge separation rate on the organic sensitizer. In a well-designed D-π -A molecule, intramolecular charge transfer (ICT) occurs efficiently between the donor and the acceptor parts of the dye. As a modification of this strategy, some new donor-acceptor-π -acceptor (D-A-π -A) organic dyes have been synthesized by adding an internal electron-withdrawing unit such as benzothiadiazole, benzotriazole, diketopyrrolopyrrole, and quinoxaline to the traditional D-π -A structure to extend further the spectral response. 14 We report two new organic sensitizers for DSSCs with different chemical structures comprising different functional groups and try to make a comparison between the two structures from the point of view of charge injection abilities depending on two different pi-bridges, phenyl and thiophene. Many parameters such as light absorption, charge injection, π -π interaction, and recombination were taken into consideration during the design of the structures of the molecules and synthesis. Therefore, D-A-π -A structure was chosen for the best performance.
Two new D-A-π -A type metal-free sensitizers (KD-148 and KD-150) were designed and synthesized.
11,12-Dibutoxydibenzo [a,c ] phenazine was used as acceptor (A) between donor and π -spacer groups in order to enhance the diffusion of the generated charges on the donor part of the dyes. Beside this, butoxy groups on the A', phenazine were used to decrease the intermolecular energy transfer between sensitizer molecules. Furthermore, two different types of π -spacers, thiophene (KD-150) and benzene (KD-148) were used to investigate the charge transfer properties of those moieties on the photovoltaic performance of the corresponded dyes. Here, the photovoltaic performances of KD-148 and KD-150 sensitizers in DSSC applications are reported under standard conditions. The molecular structures of KD-148 and KD-150 dyes are presented in Figure 1 .
Results and discussion

Synthesis and structural characterization
The synthetic route of the dyes is given in the Scheme. In the first part of the synthesis, 1,2-dibutoxybenzene (2) was prepared from commercial catechol and 1-iodobutane via Williamson etherification in acetone in the presence of base 15 after nitration; 16 1,2-dibutoxy-4,5-dinitrobenzene (3) was reduced to the diamine compound (4), 17 said to be sensitive to air, and directly reacted with 2,7-dibromo-phenantrene-9,10-dion by an acid-catalyzed dehydration reaction 18 to get the π -spacer (5). In the second part of the synthesis, 1-(hexyloxy)-4-iodophenol (7) was synthesized via Williamson etherification 6 and reacted with 4-bromoaniline via the Ullmann reaction using copper (I) iodide and 1,10-phenantroline as catalyst in toluene in the presence of base at 120 • C to obtain triarylamine derivative (8) . (4-{Bis[4-(hexyloxy)phenyl]amino} phenyl) boronic acid (9) was synthesized using n -BuLi in dry THF at -80 • C and the lithiated compound was reacted with trimethylborate to give boronic acid derivative. In the last part of the synthesis, π -spacer (5) and boronic acid compound (9) were reacted and 4-formyl phenyl boronic acid and 2-tienyl boronic acid were attached to compound 10 via Suzuki coupling in the presence of palladium catalyst. These reagents (11, 12) were condensed with cyanoacrylic acid via Knoevenagel condensation reactions in the presence of piperidine to result in the formation of the final dyes KD-148 and KD-150. All intermediates were confirmed by 1 H and 13 C NMR.
Electrochemical properties
Energy levels of dye sensitizers are crucial to understand and investigate the ability of electron transfer and the molecular orbital energy levels. Regarding this, cyclic voltammetry (CV) analysis was employed to determine the redox potentials of the dyes in liquid phase. Representative cyclic voltammograms are shown in Figure 2 . Generally, triarylamine groups give an oxidation signal at around 1.2 V. However, the presence of an alkoxy chain in the triarylamine structure shifts the oxidation potential anodically to around 1.0 V. This shift results from the donation of the unpaired electron of oxygen to the system. In addition, by considering the structure of triarylamine groups, a second oxidation signal might be observed. As seen in Figure 2 , the reversible oxidation potentials of dyes are observed at around 0.8-0.9 V attributed to the alkoxy-substituted tripheylamine derivative. Moreover, in the reduction part of the voltammograms, the cyanoacrylic acid moiety of each molecule exhibits an irreversible peak. 2.0x10 -6 3.0x10 -6 4.0x10 Reduction peaks of cyanoacrylic acid on both KD-148 and KD-150 shifted to higher negative potential due to the weak acceptor behavior of the π -spacer, quinoxaline.
As depicted in Figure 2 , KD-150 has an irreversible peak at higher voltage value compared to KD-148 and this observation is attributed to the structures of the dyes. KD-150 has a thiophene unit on the backbone of the dye molecule and its presence extends the conjugation and makes the unpaired electron of sulfur available for donation as well. Therefore, these two positive effects supplied by the thiophene unit, compared to KD-148, which has a phenyl group, leads to the observation of an extra reduction signal in the negative part of the voltammogram.
The excitation energies (E 0−0 ) were roughly determined as 1.62 eV and 1.98 eV for KD-148 and KD-150, respectively, as given in Table 1 . The HOMO and LUMO values versus vacuum were calculated by the equation 
where V redox is the onset potential versus ferrocene of reduction or oxidization of sensitizers. The LUMO levels of the dyes KD-148 and KD-150 are -3.50 eV and -3.20 eV vs. vacuum, respectively. LUMO levels of these dyes are reasonably suitable to provide a sufficient thermodynamic driving force for electron injection from their excited states to the conduction band of TiO 2 . 19 The HOMO levels of KD-148 and KD-150 are -5.12 eV and -5.18 eV vs. vacuum, respectively, and these values are also suitable for dye regeneration by redox couple
Photophysical properties
As presented in Figure 3 , the electronic absorption spectra of KD-148 and KD-150 in CHCl 3 (1 × 10 −5 M) were measured for a preliminary evaluation of their light-harvesting capacities in certain concentrations. The molar extinction coefficients ( ε) of KD-148 and KD-150 in CHCl 3 are 65,300 and 66,900 at 420 nm, respectively. In the visible region, both dyes gave an absorption peak assigned to n − π * transition. The absorption peak of KD-150 exhibits a considerable bathochromic shift compared to KD-148. This result clearly illustrates that thiophene moiety in KD-150 leads to more conjugation in its molecular structure. Furthermore, it is known that thiophene has a lower aromaticity as compared to benzene 20,21 because of its smaller stabilization energy (thiophene 19 kcal/mol; benzene 36 kcal/mol), which allows better electron delocalization as reported by March. KD-148 and KD-150 exhibit significantly improved light absorption coefficients, ensuring good light absorption even if a thin active layer is used for efficient device operation. 23 Moreover, a reduction in film thickness can improve the open-circuit voltage obtained from the solar cell device.
Photovoltaic performance of DSSCs
The photovoltaic characterizations of these dyes were measured with a sandwich geometry type of photovoltaic cell using a liquid redox electrolyte. Figure 4 depicts the IPCE as a function of the wavelength for the cells. The IPCE maximum for KD-148 and KD-150 sensitized DSSCs is around 50% and 60% at 420 nm, respectively. The IPCE spectrum of KD-150 is broader (300 nm to 600 nm) than that of KD-148 (300 nm to 550 nm), which is consistent with the absorption spectra of the sensitizers. Furthermore, due to the better electron transport property of thiophene moiety than that of benzene, KD-150 has a higher photon to current conversion efficiency. On the other hand, the IPCE data proved that the light in the absorption range of both dyes can be mostly converted to photocurrent. It is valuable to note that the IPCE spectra of both dyes are in the range between the UV and visible region of the solar spectrum, highlighting the necessity of further efforts on narrowing the band gap of metal-free organic dyes in order to shift the absorption band to the visible and near infrared region.
The current density-voltage (J-V) characteristics of DSSCs based on KD dyes are shown in Figure 5 and listed in cell efficiencies, KD-148 and KD-150 dyes have fill factors better than that of Z-907. The yields and results can be explained by differences in the structural properties of the dyes. The thiophene group of KD-150 contains a sulfur atom with two nonbonded electron pairs. These electrons increase the absorption intensity and exhibit a broader absorption spectrum through the IR region as seen in Figure 4 , leading to the increase in the number of generated charge carriers contributing to a higher short-circuit current. There are several contributing factors to IPCE and J SC of a DSSC in connection with the sensitizer. The primary one is the molar extinction coefficient (ε) and the secondary one is the charge injection rate. To consider them together, the enhanced light absorption and charge injection arising from π -bridge lengthening should boost the light capture and charge separation, respectively, resulting in increased IPCE and J SC and alleviated charge recombination. 24 Regarding this statement, KD-150 has better photocurrent generation efficiency (IPCE) values compared to KD-148 and a similar trend was observed in J SC . Furthermore, length of the alkoxy chains substituted to the backbone of dyes affects the interaction between the dye molecule and the electrolyte. π -π interactions in planar groups such as quinoxaline π -bridge are strong enough to form aggregates in solution and also at the surface of the TiO 2 mesoporous network. Aggregation of the sensitizers increases the recombination ratio of injected electrons from TiO 2 conduction to the HOMO level of the sensitizer or to the redox couple in the electrolyte.
25−27
3. Experimental
Materials
All solvents and reagents, unless otherwise stated, were of puriss quality and used as received. Catechol, copper (I) iodide, and 1-bromohexane were purchased from Fluka. 1-Iodobutane, acetone, nitric acid, dichloromethane, ethanol, toluene, phenantrene-9, 10-dion, 18-crown-6, 1,10-phenantroline, n−butyllithium, 1,2-dimethoxyethane, tetrahydrofuran, trimethyl borate, and [1,1'-bis(diphenylphospino)ferrocene] dichloropalladium(II) were obtained from Sigma-Aldrich. 4-Iodophenol and 4-bromoaniline were from Alfa Aesar. Potassium carbonate and potassium hydroxide were purchased from Riedel de Haen and hydrazine hydrate and palladium activated carbon from Merck. Synthesis of 1,2-dibutoxy-4,5-diaminobenzene (4). A three necked round bottomed flask and reflux condenser were set up; the system was vacuumed and flushed three times with argon to provide an isolated atmosphere. 1,2 −Dibutoxy-4,5-dinitro benzene (3.13 g, 10 mmol) was dissolved in ethanol (75 mL) and then this solution was added to the flask by syringe under argon. While the temperature was set to the boiling point, palladium activated carbon (10%) was added to the flask and its content was set to vigorous stirring. Hydrazine hydrate (20 mL) and ethanol (20 mL) mixture was added dropwise from a dropping funnel. The content was refluxed with stirring overnight, and checked and ended by TLC. The reaction mixture was filtered hot, cooled down to room temperature, and poured into iced-water to afford a white solid that showed sensitivity to air.
Synthetic procedures
Synthesis of 2,7-dibromo-11,12-dibutoxydibenzo [a, c] phenazine (5). 1,2-Diamino-4,5-dibutoxy benzene (0.8 g, 3 mmol) was dissolved in toluene (10 mL) and added to a round bottomed flask. 2,7-Dibromophenantrene-9,10-dion (1 g, 3 mmol), acetic acid (15 mL), and toluene (10 mL) were added to the flask and its content was refluxed with stirring overnight. Reaction progress was monitored by TLC. At the end of the reaction, the mixture was cooled to room temperature and extracted with dichloromethane (3 × 20 mL) and water (3 × 20 mL). Then the organic phase was dried over magnesium sulfate and evaporated by rotary evaporator. The crude product was purified by column chromatography (dichloromethane/hexane, 4/1, v/v) on silica gel to afford a yellow solid (92% yield). 
Synthesis of 1-(hexyloxy)-4-iodophenol (7)
. In a round bottomed flask 4-iodophenol (8.8 g, 40 mmol), potassium carbonate (5.6 g, 40 mmol), 18− crown-6 (1 g, 4 mmol), acetone (100 mL), and 1-bromohexane (6.6 g, 40 mmol) were added and refluxed with stirring overnight. After checking the completion of the reaction by TLC, it was set to cooling to room temperature. Then it was filtered and extracted with diethylether (20 mL) and water (20 mL 
Synthesis of (4-bromophenyl)-bis[4-(hexyloxy)phenyl]amine (8). In a round bottomed flask copper (I)
iodide (0.2 g, 1 mmol) and 1,10-phenantroline (0.18 g, 1 mmol) were added and dissolved in toluene (10 mL). The Dean-Stark apparatus and condenser were set and the reaction mixture was stirred under reflux for half an hour. 1-(Hexyloxy)-iodobenzene (5 g, 16 mmol), 4-bromoaniline (1.65 g, 9.6 mmol), potassium hydroxide (4.8 g, 77 mmol), and toluene (20 mL) were added to the refluxing solution. Then the whole mixture was refluxed with stirring overnight. After the completion of the reaction (by TLC), it was cooled to room temperature, filtered over Celite, and the residue was washed with dichloromethane. The liquid part was extracted with dichloromethane (3 × 20 mL) and water (3 × 20 mL). The combined organic phase was dried over sodium sulfate and evaporated by rotary evaporator. The crude product was purified by column chromatography (dichloromethane/hexane: 1/4, v/v) on silica gel to yield a yellow oil (66% yield to boiling temperature, and stirred overnight. After that, the reaction mixture was mixed with water (60 mL) and extracted with dichloromethane (3 × 20 mL). The combined organic phase was dried over sodium sulfate and evaporated by rotary evaporator. The crude product was purified by column chromatography (dichloromethane/hexane: 1/1, v/v) on silica gel to yield a reddish orange solid (87% yield 
Photo-electrochemical device fabrication
The followed procedure for device fabrication was reported by Zafer et al. 11 FTO-coated glass substrates with the sheet resistance of 15 Ω /square, purchased from Solaronix, TEC15, were used for the device fabrication. (doublet), t (triplet), q (quartet), and m (multiplet). IR was recorded on a PerkinElmer Spectrum BX. UV-Vis spectra of dyes were recorded on a Specord S600 diode array spectrophotometer at room temperature. PL spectra were recorded on an Edinburgh Instruments FLS920 spectrofluorometer in diluted chloroform solution
Cyclic voltammetry analyses were carried out on a CH Instruments 660B Electrochemical Work Station at different scan rates in a three-electrode cell. The oxidation/reduction potentials of organic materials were measured in chloroform using a 0.1 M TBAPF 6 solution (in acetonitrile) as the supporting electrolyte, glassy carbon as working electrode, Ag/Ag + as reference electrode, and Pt wire as counter electrode. The system was calibrated with Fc/Fc + as an internal reference. The overall energy conversion efficiency, η , was calculated using the equation
where V oc (V) is open circuit voltage, I sc (mA/cm 2 ) is short circuit current, FF is fill factor, P max (mW/cm 2 )
is maximum power point, P light (mW/cm 2 ) is incident light power, and V mpp and I mpp are voltage and current at the point of maximum power output of the cell, respectively. are the wavelength and the intensity of the monochromatic light. IPCE measurements were performed by Enlitec QE-R EQE/IQE measurement system.
Conclusions
In summary, we prepared organic push-pull dyes with high molar extinction coefficient consisting of a conjugated spacer of quinoxaline derivative, apart from the blocks of alkoxy substituted triphenylamine and cyanoacrylic acid anchoring functional moieties. On the basis of this study, we achieved photovoltaic conversion efficiencies from DSSCs sensitized with KD-148 and KD-150 as 1.54% and 2.32%, respectively, where Z-907 yielded 4.07% conversion efficiency under 100 mW/cm 2 and AM 1.5G illumination. This achievement provided new information and new material as π -spacer to the literature on energy-level alignment and configuration of chromophores. More importantly, new quinoxaline derivatives were synthesized and attached from the phenantrene side to donor and acceptor groups as π -spacer with a weak acceptor property.
We think that new designs and developments of molecular structures and seeking optimum molecular alignment will lead to an improvement in device efficiencies.
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Supporting Data Figure S1 . Supporting Information: NMR and FT-IR spectra of the synthesized materials are in the supporting information part.
